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Abstract
The high nutritional and health-promoting properties of kymyz, a traditional drink of nomads produced from mare’s milk, are 
well-known and reported in literature. The composition of mare’s milk is significantly different from that of cow and other 
ruminants. Fatty acid composition and amino acid profile of mare’s milk produced at Suusamyr pastures of Kyrgyzstan were 
studied during four lactation months (May, June, July and August). The amino acid composition was determined by precolumn 
derivatization with diethyl ethoxymethylenemalonate (DEEMM) in high-performance liquid chromatography (HPLC) and 18 
amino acids were determined in mare’s milk. Most abundant amino acids were glutamic acid (16.8-21.2%), leucine (8.2-10.1%), 
lysine (8.9-10.1%) and ornithine (0.1-0.7%) was in a small amount. The percentages of essential AA in protein of mare milk 
were 46%, 46%, 51%, 48% for May, June, July and August months respectively, which demonstrate the high biological value of 
milk during all milking season. The fatty acid contents of the milk fat were determined in the form of fatty acid methyl esters by 
gas chromatograph after methylation with potassium hydroxide in methanol. The concentrations of capric (10:0), lauric (12:0) 
and myristic acid (14:0) were similar during four lactation months and the concentration of linoleic acid (18:2) was higher in July 
month. The results of the study have shown that the highest contents of the nutritive compounds were found in the mare’s milk 
obtained in July.
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1. Introduction
The mare is milked at 1 to 2 h intervals, each milking providing 0.5-1.5 l of milk. Mare’s milk has a neutral 
acidity, it’s fresh, and has a sweet taste that ranges from bluish-white to slightly brown coloration. Important 
components of the milk are lactose, protein, fat, vitamins, enzymes, and minerals (Uzakbaev & Mamyrbaeva, 2012). 
Koumiss is a kyrgyz traditional fermented dairy beverage made from mare's milk. Kyrgyz people from ancient times 
have been producing koumiss, and appreciated it for its nutritional and health-promoting properties. 
The high nutritional and health-promoting properties of koumiss derive from the composition of mare’s milk 
(Skorodumova, 1961; Kanareikina, 2010; Sarsekova et al., 2013; Lv & Wang, 2009). Mare's milk, as well as the 
koumiss was used for medicinal purposes and prevention of certain diseases. The therapeutic effects of mare's milk 
can be explained by a high content of phospholipids and vitamin A (Park et al., 2008). Mare's milk is used to treat 
tuberculosis (Gilmutdinova et al., 2011), chronic hepatitis B (Zhaksylykova & Sharmanov, 1979), gastric ulcer and 
GXRGHQDOXOFHUV6DOKDQRY	6KDUPDQRYSVRULDVLV%LODQGåLüHWDOLQWHVWLQDOLQIHFWLRQVDQGDQHPLD
(Uzakbaev & Mamyrbaeva, 2012). It has also been reported to accelerate post-surgical recovery (Zaripov & 
Kanareikina, 2013). The use of mare's milk for the treatment of tuberculosis has practiced for a long time in Russia 
and Mongolia. The use of mare's milk increases the number of red blood cells and lymphocytes which restores 
normal erythrocyte sedimentation rate (Park et al., 2008). Mare’s milk refers to the of milk albumin group, since the 
content of casein and whey protein in approximately equal amounts (Deutsch, 1947). Casein of mare’s milk differs 
from bovine milk casein by the fact that it is readily assimilated in the gastric juice (Malacarne et al., 2007). 
Therefore, when the protein of mare’s milk coagulates, clot is not formed, and the protein is precipitated as fine
fluffy flakes (Skorodumova, 1961). It has been established that the amino acid composition of mare's milk is similar 
to human’s milk, and a lower content of protein reduces the risk of renal burden developing in infants (Macharadze, 
2007). 
Due to the small size and low melting temperature of fat globules (20-23 ° C) mare’s milk fat has a delicate 
texture, whereby it is readily absorbed in the intestine (Liflyandskiy , 2004). Distribution of di- and triglycerides in 
the mare's milk similar to that of the human milk and significantly differs from the triglycerides in cow milk (Akai 
Tegin & Gönülalan, 2014; Macharadze, 2007). Mare's milk fat is rich in polyunsaturated fatty acids - linoleic, 
linolenic, arachidonic. Polyunsaturated fatty acids (PUFA) are precursors of long-chain polyunsaturated fatty acids 
(LCPUFA) and structural elements of cell membranes. In addition, certain LCPUFA are precursors of eicosanoids, 
molecules with potent biological activities that modulate various cellular and tissue processes. The properties of the 
mare’s milk as a therapeutic agent for hepatitis, chronic ulcers and tuberculosis may be due to high concentrations of 
these compounds (Malacarne, 2002; Gilmutdinova et al., 2011). 
The aim of this study was to investigate the amino acid and fatty acid composition of mare’s milk collected 
from the Suusamyr pastures of Kyrgyz Republic during milking season. Specific character of this study was that 
mares kept under traditional extensive pasture conditions without feeding any concentrate supplementation. 
2. Materials and Methods
2.1 Milk sampling
Milk samples were obtained from mares grazing on the pastures of Suusamyr valley located at the altitude of 
2200 meters above sea level in Chuy region of Kyrgyz Republic from May to September 2014. Pastures at this 
location are rich in plants such as Codonopsis clematidea (Schrenk.) Clarke, Cysticorydalis fedtschenkoana (Regel) 
Fedde ex Ikonn., Dactylorhiza umbrosa (Kar. & Kir.) Nevski (Orchis umbrosa), Dictamnus angustifolius G. Don 
fill. ex Sweet., Korolkowia sewerzowii Regel, Rheum maximowiczii Losinsk.and others (Kenjebaeva & 
Ganybaeva, 2009). Milk samples were collected into 100 ml premium glass bottles (Duran Group, Germany) after 
milking and immediately frozen using liquid nitrogen and transported in a Dewar flask (Cole-Parmer, Karlsruhe, 
Germany). Upon delivering to the laboratory, milk samples stored at ௅25°C in deep freeze until analysis.
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2.2 Measurement of amino acid profile
At the time of analysis, the frozen milk samples were thawed in water bath of 30°C and thoroughly mixed. 
Isolation of amino acid from milk samples was according to official standard procedure with 6 N HCl at 110°C for 
23 h (AOAC, 1994). After hydrolysis, the hydrolysate was cooled and the samples were filtered using wet filter 
paper into 200 ml volumetric flask and the filtrate was diluted with distilled water to the mark. Derivatization of 
isolated amino acids was according to method described by Hermosin et al. (2003) with some modifications. All 
used reagent were half as much as used by reference method. Comparative analysis of this modification with 
reference method shows applicability of these changes. Amino acid measurement was carried out using HPLC 
(Agilent 1200 Technologies, US) after filtration through a 0.ȝPV\ULQJHILOWHU&WKHUPRVWDWHGFROXPQDW&
was used for separation of amino acids and detection was carried by DAD at 280nm. Gradient chromatographic 
separation was carried out using a mobile phase of acetonitrile (A) (Merck, Darmstadt, Germany) and acetate buffer 
(0.1 M) (acetic acid was obtained from Merck, Darmstadt, Germany; sodium acetate from Carlo Erba, Peypin, 
France) at pH 6.0 with the solvent programmes used by Hermosin et al. (2003). 
2.3 Measurement of fatty acid profile
Milk samples were thawed and prepared as described before. Milk samples were paced to 1.5 ml centrifuge tube 
and centrifuged at 14000 rpm at 13°C for 15 minutes. After separation into fractions milk fat was collected to 15 ml 
centrifuge tube and sample for direct injection was prepared according to application note described by David et al. 
(2003). Methylated samples were injected to Gas Chromatography System (Agilent Technologies 7890 A 
(G3440A)) with 7683 B series injector. The initial temperature of the oven was held at 80°C for 3 min, ramped to 
240°C at a rate of 7°C/min, and then held at 240°C for 10 min. Nitrogen was used as carrier gas at a constant flow 
rate of 6.4941 ml/min through the DB-Wax column. 
3. Results and Discussion 
The following amino acids were determined in protein of mare’s milk: Aspartic acid, Glutamic acid, Serine, 
Histidine, Glycine, Threonine, Arginine, Alanine, Proline, Tyrosine, Valine, Methionine, Isoleucine, Leucine, 
Tryptophan, Phenylalanine, Ornithine, Lysine (Fig.1). Glutamic acid’s content (0.393-480g/100g) was at the highest 
in mare’s milk during four lactation months, and its concentration was two times higher than Aspartic acid (0.165-
0.216 g/100g), Arginine (0.127-0.165 g/100g), Leucine (0.192-0.230 g/100g), Lysine (0.212-0.230 g/100g) and 
about three times higher than Serine (0.118-0.147 g/100g), Valine (0.104-0.122 g/100g), Phenylalanine (0.099-0.126 
g/100g). Ornithine amino acid was in the smallest amount in mare’s milk. Concentrations of all amino acids are 
same in May and August months’ milk. 
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Fig.1. Amino acid composition of mare’s milk obtained from Suusamyr pastures during milkin season.
The Proline, Methionine, Tryptophan, Phenylalanine, Ornithine concentrations were at the highest 
concentration in July month’s milk. All other amino acids were at the highest concentration in June month’s milk. 
The content of essential amino acid in the protein fraction was 45.6%, 45.6%, 51.2%, 47.6% for May, June, July and 
August months respectively, which demonstrate high biological value of investigated sample during all milking 
season. Methionine, Tryptophan, Phenylalanine are essential amino acids in human diet, concentration of these 
essential amino acids were higher than that was reported in literature (Marconi & Panfili 1998; Csapó-Kiss et al., 
1994; Davis et al., 1994).
The most abundant saturated fatty acid of mare’s milk fat was palmitic acid (C16:0) (Table 1). Its concentration 
decreased from May to July and in August slightly higher than in July milk. 
Table1. Fatty acids (g/100 g fat) of mare’s milk obtained from Suusamyr pastures of Kyrgyz Republic during milking season.
Fatty acids May
* June July August
Xa Sx X Sx X Sx X Sx
C6:0 0.256 0.008 0.268 0.007 0.175 0.011 0.140 0.003
C8:0 2.656 0.079 2.394 0.070 2.014 0.125 1.992 0.035
C10:0 7.174 0.229 5.645 0.161 4.281 0.265 4.716 0.090
C12:0 7.860 0.300 6.073 0.263 4.496 0.283 5.881 0.130
C14:0 7.590 0.249 6.418 0.275 4.889 0.337 6.340 0.144
C15:0 0.240 0.010 ND ಥ 0.281 0.016 0.312 0.009
C16:0 20.020 0.657 19.278 0.606 16.720 1.204 17.616 0.419
C17:0 0.493 0.023 ND ಥ 0.645 0.050 0.694 0.024
C18:0 0.837 0.033 0.948 0.018 1.000 0.015 0.873 0.020
C18:2 3.970 1.947 4.572 1.136 7.056 2.609 1.993 0.329
CLA ND ಥ 0.373 0.113 0.970 0.601 ND ಥ
C19:0 ND ಥ 0.634 0.022 ND ಥ ND ಥ
C20:0 1.656 0.031 2.016 0.390 1.824 0.869 1.107 0.036
C22:0 1.545 0.387 1.241 0.096 2.541 0.729 0.276 0.093
a X - mean value; sx - standard deviation; ND-not determined. 
*3
Changes in concentrations of capric (10:0), lauric (12:0) and myristic acids (14:0) were similar for all 
milking season (Fig.2). Their also decreased from May to July, but in August milk their increased again. 
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Concentrations of these fatty acids are approximately in the same level for all samples. 
Fig.2. Changes in fatty acids concentration of mare’s milk obtained from Suusamyr pastures during milking season.
The mean content of long-chain saturated fatty acids, arachidic (C20:0) and behenic acids (C22:0) and also 
unsaturated essential fatty acid linoleic acid (C18:2) in fat isolated from July month milk were higher in comparison 
with other samples. Conjugated linoleic acid (CLA) was found only in June and July milk samples. CLA isomers 
present in milk fat have a high health promoting potential and anticarcinogenic properties. Diet is the most 
significant factor affecting the CLA content of milk fat. High values often occur with the feeding of fresh pasture 
(Colomb et al., 2006).
Caproic acid (C6:0), pentadecanoic acid (C15:0) and heptadecanoic acid (C17:0) were at the lowest content in 
mare’s milk. Concentrations of caprylic acid (C8:0) and octadecanoic acid (C18:0) were not changed according to 
milking season. 
4. Conclusion 
According to the results obtained in the current study, the amino acid and fatty acid composition of mare’s milk 
obtained from the Suusamyr pastures of Kyrgyz Republic staying at higher levels during all milking season. Milk 
samples contain all 9 essential amino acids (Histidine, Isoleucine, Leucine, Lysine, Methionine, Phenylalanine, 
Threonine, Tryptophan, Valine) in requirement levels established by World Health Organization (WHO, 2002). 
Moreover content of unsaturated fatty acid of linoleic acid at higher levels and presence of CLA are physiologically 
functional indicators of mare’s milk for therapeutic purpose, as described before. High nutritional value of mare’s 
milk provides best quality of fermented dairy beverage koumiss. Accordingly both mare’s milk and koumiss can be 
used for therapeutic purposes and also as a nutritious product regardless of milking season. 
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